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INTRQDUCTION

The purpose of this test program was tc functionally evaluate Apollo Command
Module pilot and drogue mortars under nnrmal and off-limit environmental condi-~

and ambient temperatures.

The Ap.ilo Command Module pilot and drogue mortar test was conducted by personnel
within the Pyrotechnics Test Section, Thermochemical Test Branch, Propulsion and
Power DiVision during the period frox Jure 1 to August 15, 1967.

MSC FORM 3308 (JAN 67)
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TEST ARTICLE DESCR1FTION

The test article consisted cf pilot and drogue parachute mortars. Figure 1 shows
a pilot mortar and test assembly. The drogue mortars are similar in structure to
the pilot mortars, though larger. Mortar assemblies are designed to _contain and
cject, on command, the pilot and drogue parachutes for the Apollo Command Module.

Both pilot and drogue morturs contain redundant gas pressure cartridges. Gas pres
sure generated within the mortar activates a sabot ({piston) which forces the para--
chute pack to (1) shear the pins that hold the mortar covers -n place, (2) eject
the parachute pack, and {3) strip the parachute from the paracnute bag.

For this test program, three pilot a.d three drogue mcriar ascemblies, including
the parachutes, were received from North American Avintion (NAA). Pilot chute
systems were NAA Part Number ME 901-0001-00C3. Pressure certridges for the pilee

mortars_werc Type II, NAA Part Number ME 453-0005-0002. Drogue_chute sysiems were
NAA Part Number ME 901-0001-0002; and the drogue chute pressure cartridges were
Type I, NAA Part Number ME 901-0005-0001. .

MSC FORM 3608 (JAN 67)
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TEST PROGRAM AND PROCEDURE

The test program was designed to determire the ability of the pilot and drogue
parachute mortar systems to funecticn HO”malLV after being subjected to off-llmlt
envirommentali conditions. Normal _unctioning 1s defined as'

3. Deployment cf tie parachute pack and complete strip-off of the I-.ployment

bag from the parachute canopy when the mortar is fired vertical. .

The reacuion force beiween the mortar and the firing fixture shall not

exceed 9 000 pcunds ror the pilot mortar and 10 000 pounds for the drogue
mortar.

The three pilnt and the three drogue mortars were subjected to the same test con-
ditions. Table I is the test matrix for evaluation of both types cf mortars.
Both new and rebuilt hardware were tested. Samples 1 through 3 were new hardware;

samples b through 9 represent rebuilt hardware. Each mortar sample was rebuilt
twice,

Nine different tests were performed. All mortars were acceptance tested. Only

the three new morta:'s were subjected to vibration tests (test 2,. The thermal-
vacuum test (test 3) was conducted only on sample 1.

The remaining six tests were high, low, and ambient temperature firings made with
dual cartridges and repeated with single cartridges. Dual certridge testing
utilized two live cartridges whereas in the single cartridge tests live and inert
cartridges were used. Although single cartridge firing was not a realistic con-

dition, the tests were conducted to determine the performnnce characteristics of
the mortars under severe cartridge malfunction conditions.

Each mortar sample, new or rebuilt, was subjected to oue temperature-ervironment
firing. The parachute bags in the new hardware were cied to prevent chute deploy-
ment. Thus, they could be retuilt for additional testing after new orifices were

placed in the mortars. The parachute bags were noi, tied in the last three firings
using rebuilt hardwvare.

Functional tests were conducted on a thrust stend. Tube and breech pressures were
measured using two pressure transducers as shown 1n cfigure 1. Pressure cart-

ridges were fired using a 5 ampere, 20 millisecond electrical pulse, A tension-
compression load cell was used to measure reaction load. Parachute velocity was [

measured using an intervalometer consisting of four linearly arranged electrical
breakwires, ag shown in figure 2.

The oblectives and procedures of the specific tests were as follows:
a. Test 1 was an aceeptance test to determine if the mortar test samples met
the manufacturer's specifications. Both bridgewire and insulation re-

sistances were recorded for each prescure cartridge. Serial numbers and
lot numbers “~r the pressure cartridges and initiators were also recorded,

MSC FORM 3608 (JAN 67)
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b. Test 2 was a vibration test to observe visually any damage that night
occur to the mortars as a result of the oti-limit vibration tests. The
mortars (samples 1, 2, and 3) were subjected to the random vibration
levels shown in figure 3. They were vibrated in each of three mutua ly
perpendicular axes for 15 minutes per axis. Figures L and 5 show the
mortar axis orientations; figure 6 shows the pilot mortar mointed on the
shaker head during the vibration test.

c. Test 3 was a thermal-vacuum test to determine if any resulting damage
from high and low temperatures and rapid pressure changes had occurred.
Mortar sample 1 was installed in a therm=al chamber and soaked for 15 min-
utes at 250° ¥ 5° F. The sample was then removed and installed iu a
vacuum chamber which was rapidly depressurized. The vacuum chamber was
held at less than %00 microns for a periond of 30 ninutes and was then
rapidly brought to atmospheric prescure. This procedure was repeated
using a soak temperature of -100° & 5° F,

d. Tests h and 7 were high temperature t ving Le-ts Lo determine whetber the
mortar samples functioned norn-.ly atter neing subjected to elevated tem-
perature. Test b, conducted on saml=s 2 and L, used dual cnrtridges.
Test T, using & single cariridge, was conducted on sample 7. Each mcrtar
sample, with one or two pressure cartridges as specified, wus :nstalled
in - thermal chamter. C(Chamber temperatur~ was raised to 250° ¥ 5° F.

The sample was stabilized at thnis temperature for 15 minutes The sample
was then removed, placed in a firing fixture, and fired witi.: ° minutes.

¢. Tests 5 and 8 were low ‘cmperature firings. Test 5, using du-’. cart-
ridges, was conducted on samnles 3 and 5. Test 8, using a & r.:le cart-
ridge, was conducted on sam le §. The basic objeciive. ar ° ‘rucedures

described (or the previous :.-ing test was followed, exce, - ‘hat the
chamber temperature was -100¢ & ,° F.,

f. Tests 6 snd 9 were ambient temperaturs firings. Te.’ ~. .sing dual cart-
ridges, was conducted on samples 1 znd . Test 9, . .0 . o single cart-
ridge, was conducted on sample 9. The ubjectives suo srocedures were
the same as the previous firing tests, except Lhat tpne firing was con-
ducted at ambient temperature.

MSC FORM 3608 (JAN 67)
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RESULTS AND DISCUSSION

A1l the drogue and pilot parachute mortars were acceptance tested and found to be
within the manufacturer's specifications during test 1. The acceptance test re-
sults for the pilot mortars are shown in table il; the results for the drogue
mortars are recorded in table III.

Fcllowing test 2, the vibration test, mortar samples 1, 2, and 3 were inspected
and no apparent damage was visually observed.

At the completion of the thermal-vacuum cycle (test 3), outlined in the test pro-
cedure, sample 1 was inspected. No visible damage was observed.

Samples 2 and 4 were fired with dual cartridges +250° F (test 4). Both morters
performed satisfactorily. The reaction loads were within the specified iimits.
The chutes were not allowed to strip from the bags, being rcstrained by ties. The
results of test firing the pilot mortars are shown in table IV and the drcgue mor-
tar firing results are shown in table V. Figure 7 shows a drogue perachute fully
deployed. Mortar samples 3 and 5 fired satisfactorily at -100° F (test 5). The

The chute bag on sample 5 was untied and strip-uif occurred satisfactorily.

Ambient temperature firing of mortar samples 1 and 6 was satisfactory (test 6).
The chute bag on the drogue mortar wes untied and the chute was successfully
stripped from the bag.

Data from the above tests are shown in tables IV and V.

In the single cartridge, high temperature firing test conducted on sample 7
(test T7), the single cartridge separated the chute bag from the mortar tube.
However, the force was not sufficient to strip the chute from the bag.

Mortar sample 8, used in the single cartridge, low temperature firing test

(rest 8), was noled to ~100° F and firsd. The drogue mortar chute bag did not
seperate from the tube. The bag rose approximately half-way and tnen dropped back
into the tubt..

Mortar sample 9, fired at ambient temperature by . single cartridgz, successfully
separated the chute bag from the mertar tube. .Jowever the force was not sufficiendy
to strip the chute from the bag.

reaction loads were normal. Samples 3 was restrained from chute-stripping by ties.
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CONCLUSIONS

The Apcllo Commann Module pilot and drogue parachute pyratechnic mortar fur:tioned
normally after teing subjected to the described off-Jimit envirommental condi-

ticns. .
The reaction force between the murtar and firing fixture did not exceed

g 000 pounds for the pilot mortar-and 10 000 pounds for the drogue mortar uuder
off-limit environmental conditions.

Three tests demonstrated the arility of the system to deploy the parachute pack
and complete sirip-off of the acployment bag from the parachuté canopy when the

mortar is fired vertically upward.

For the single carfridge firing the force was not sufficient to strip the para-
chute from the parachute bag. There was sufficient Iorce 1G separate the para-

|

chute pack from the mortar tube for all firings except for the low temperature
firing of the drogue mortar. The parachute pack, for this low temperature firing,

o T

Skl b S Sl R

came half-way. out of the mortar tube and then dropped back.
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TABLE I.- TEST SCHEDUL
Test sequencesa for
?est Test Test samp‘leb Mo,
No.
il 2131415161570
1 Acceptance il 1)1 )J1}1111 14141
2 Vibration 21 212
3 Thermal-Vacuum 3
L High Temperature Firing 3 2 -ﬁ
(Dual Cartridge)
5 Low Temperature Firing 3 2
(Dual Cartridge)
6 Ambient Temperature Firing L 2
(Dual Cartridge)
7 High Temperature Firing 2
(Single Cartridge)
3 Low Temperature Firing 2
(Single Cartridge)
9 Ambient Temperature Firing 2
(Single Cartridge)

a'Tes.t; Sequence Numbers are in the order which tests are performed.

b,
Test samples No. 4, 5, 6, 7, 8, and Q are rebuilt mortars,
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TABLE I.- ACCEPTANCE TEST DATA FOR PILOT PARACHUTE MORTARS
Sa.t:gle In;z:i:{% ;niiiztor Ic;?ifiri;e }:Zi;;j;gZe Br?fgfv%ir%ri;g(fw?r? Insi‘l?tiorj
; JELON No. No. 3€erias 1G¢ reiisvanc e5isScancesresisvance
Vfr No. No. ohms chms |X megohms
1 0202 AMD 002 BLL 1.025 2.038 3
- 0207 AMD 009 BLL 1.048 1 07k 2
2 70228 AMD 016 BLL 1.023 1.772 300
) o AMD 017 BLL 1.040 1.06F 500
3 o9 § A 019 BLL 1.003 3,998 500
A 0269 Al 020 BLL 1.030 1.033 "10
'} 0258 AVD 026 | :-BLL 1.036 .1.078 250
0334 AT 027 BLL 1.058 | 1.068 350
5 ~ 0183 AIfD 031 BLL 1.020 1.083 TR
~ 0229 AVD 032 BLL 1.036- “1.018 150
6 ozks | ap |- oz B | 1017 ] 1.05 300 °
0280 AMD 023 RLL 1.280 1.129 150"
T 0197 | - 029 BLL 1,030 | 1€ | koo
8 0175 AMD 033 | BIL 1.007 0.989 700
9 ‘ ] o0 AMD 025 , BLL 1.0k9 1.985 . 200
5 ] y 4
; - E

aJ3§“

ety
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TABLE DI.- ACCEPTANCE TEST DATA FOR DROGUE PARACHUTE MORTAR

lPressure Pressur: A -2 s -D
L s | e | e o e nee rest searea] reots arce
am carial coriel | cerial |resistance|resistarcel resistance
e No. No. i No. No. ohms chms X megohms
. 1 0303 AMD 007 RTK 1.062 1.062 15
0717 4MD 109 31K 1.013 1.029 110
2 0285 D 001 BLK .991 1.005 500
0239 AMD 00k LK 1.029 1.079 160
3 0276 AMD 003 BLK 1.032 1.014 800
0292 AMD 006 BLK 1.061 1088 | 50
b 0311 AMD 012 BLE 1.025 1.010 w
2185 AMD 011 BLK 1,066 1.076 ©
“ 5" 0295 AMD 018 BLK 1.029 1.024% ©
0169 AMD 020 BLK 1,032 0.972 w
. 6 0314 AMD 016 BIK 1.000 1.019 w
0196 AMD 017 BLK 1.001 1.038 w
7 0206 _AMD 013 BLK 1.063 1.01 @
8 0310 AMD 021 BLK 1.056 | 1.038 w
9 0315 AMD ol BLK 1,028 1,067 w
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; TABLE 1IV.- TEST FIRING DATA FOR PILOT PARACHUTE MORTARS
¢
%’ . Samnie |Test No. of Tube Breech Reaction | ;Firi?’g Pa;igﬁute
§  ﬁo r B I;u;: pressurs pressure pressure }oarl vefperawure velocity
- "artiridezes; psig psig 1bs Op £t /sec
* 1 6 2 2u6 10,770 5,150 Ambient 133.3 1
2 4 2 230 10,700 | 4,680 250 125.8
3 5 2 190 12,750 6,065 -100 137.9
4 n ? 160 10,520 3,650 250 118.3
5 5 2 194 10,990 5,275 -100 112.4
6 6 2 203 11,196 | 4,74) Ambien’ 124.2
{ 7 7 1 102 5,380 2,540 250 73.5
8 8 1 152 5,379 3,145 -100 58.8
‘ 9 9 ] 169 6,240 2,895 Ambient 93.9
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TABLE V.- TEST FIRING DATA FOR DROGUE PARACHUTE MORTARS

Sample § Test No. of Tube Breech Reaction § Fi-ing Pargz:ite
" ﬁo. No. pressgre pres§ure pres%ure load tenpeiature velocity
cartridgeg psig psig lbs F Ft/sec
1 6 2 13.2 15 050 TThO Arbient 78.4
2 L 2 73.k 15 506 7630 250 €3.7
3 5 2 79.2 15 500 6575 -1C0 81 3
4 L 2 67.8 15 420 7110 250 59.0
5 5 2 52.5 1k 320 5960 -100 98.0
6 6 2 B1.5 15 050 7165 Ambient 6.9
T T 1 40.6 6 930 2720 250 36.7
8 8 1 37.3 5 770 3225 -390 —_——
9 9 1 L7,k 6 lic 4190 Ambient 33.1
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